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Method and apparatus for power Cqntroi in a Spread Spectrum 
COMMUNICATION System 


5 Fieid of the Invention 

The present invention relates generally to spread-spectrum 
Gommunicatfon syslems and, in particular, to power control in a spread- 
spectrum corrfmunication system. 

IG 

Related Inventions 

The present invention is related to "Method and Apparatus for 
15 Power Control in a Communication System" (Attorney Docket No. 
CE02979R), having Serial No, 08/616,797 filed on March 15, 1996, and 
assigned to the assignee of the fs-esent invehtioh. 


20 Background of the invention 

Communication systems are known to employ power control 
methods which control transmsssion energy of remote units. Once such 
comraunicaiion system empkjying power control is a spread-spectrum 

25 communication system. PoWer control in a spread-spectrum system 
serves two main functions. Firstly, because each remote unit's signal in a 
spread-spectrum system is typically transmitted on the same frequency, a 
majority of the noise (which is inversely proportional to bit energy per 
noise density i.e., Eb/No which is defined as the ratio of energy per 

30 information-bit to noise-spectra! density), associated with a received 
signal can be attributed to other remote units' transmissions. The 
magnitude of noise is directly related to the received signal power of 
each of the other remote units' transmissions. Thus it is beneficial for a 
remote unit to transmtt at the lowest power level possible. Secondly, it is 

3 5 desirable to dynamically adjust the power of ail remote units in such a 
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way that their transmissions are received by the tjase station with 
approximately the same power level. To accomplish this, it is necessary 
for the ciosest trarismttters to redUGe their power by as rouch as 80 cl& 
when compared to the power of the furthest transmitters, 

3 

The current method of controlling reverse channel power in a 
code-division, muitipie-access (CDMA) communication system is 
described in Ceiluiar System Remote unit-Base Station Compatibslity 
Standard of the Etectronic industry Association/Telecommunications 

10 Industry Assodaiton Interim Standard 96 {TIA/SIA/IS-96A), which is 
incorporated by reference h^ein, (E|A/TiA can be contacted at 2001 
Pennsylvania Ave; NW Washington DC 20006). As described in 
T{A/EiA/IS-95A, a power-control group is transmitted from the remote unit 
and received by the base station^ The base sta^pn compares the energy 

15 of the povi/er-contrd! group to a 8>reshoid and instructs the remote unit to 
povyrer up or down accordingiy by transmitting a power-adjustment 
command to the remote unit. Whiie this algorithm does insure that the 
threshold level does not contribute to long runs of frame errors where the 
remote unit is not transmitting at a high enough power levei, the power 

20 tevel of the remote unit can be higher than necessary for lengthy periods 
of time, needlessly contrlbuling to system noise. 

Thus a need exists to reduce noise in a CDMA si«tem by 
dynamicaiiy adjusting the step-down size of the power-control threshold, 

25 

Brief Deseriptipn of the Drawings 

FIG, 1 is a block diagram of a preferred embodiment of a base 
30 station receiver that can utilize the present invention, 

FiG. 2 is a block diagram of a preferred embodiment pf a base 
station transmitter that can utilize the present invention. 


wo ^7/34434 


-3- 

FlG. 3 illustrates an apparatus for eontrdlrtng reverse ctiannei 
power in aceofdance with a preferred embodiment of the present 

invention. 

5 FiG. 4 iltustrates a flow chart for eontrofiing reverse clianne! power 

in accordance with a preferred enibpdiment of the present inventton. 

FIG. 5 illustrates a time-domain diagram of instantaneous 
threshold values in aecDrdance with a preferred embodiment of the 
1 0 invention. 

FIG. 6 illustrates an apparatus for eontrofiing reverse channel 
power in accordance with an alternate embodtrnent of the present 
invention. 

15 

FIG, 7 illustrates a communication system in accordance with a 
preferred embodiment of the present invention. 

FfG. 8 illustrates an apparatus for controflihg reverse channel 
20 power during soft-hand-off in accordance with a preferred embodiment of 
the present invention. 


Description of a Preferred Embodiment 

25 

The present invention addresses the above-mentioned problem by 
dynamicafly adjusting the step-down size of a power control threshold 
based on an acquired number of poor-quality frames. The step-down 
size of the threshoid is Increased or decreased depending on an amount 
30 of frame erasures detected by the system. 

Generally, the present invention encompasses a method for power 
controi in a communication system comprising adjusting a step-down 
size of a threshold. 

35 
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Ahotheraspect of the present invention encompasses a method of 
power control in a spread-spectfum Gommunication system cGmprising, 
receiving a plurality frames and storing the piurality of frames. An amount 
of poor-quality frames existing within the stored pluraiity of frames is 
5 determined, and a step-down size of a threshold is made, based on the 
determination. 

Another aspect of the present invention encompasses a method of 
power control in a spread-spectrum communication system, comprising 
i Q the steps of receivirtg a fuJI-rate frame and receiving a sub-rate frame. An 
amount of fufl-rate, and sub^rate poor quafity frames are determined and 
a step-down siie of a tiireshold is determined based on the determined 
amount 

15 Another aspect of the present invention encompasses an 

apparatus lor power control in a spread-speolrum communication system, 
the apparatus comprising an integrator for adjusting a step<iown size of 
a threshold, 

20 Another aspect of the present invention encompasses an 

apparatus for power control in a spread-spectrum communication system, 
the apparatus comprising a receiver for receiving a plurality of frames, a 
filter coupled to the receiver, said filter storing the plurality of fi-ames, a 
comparator coupled to the filter, said coraparktor determnining an amount 

25 of poor-quality frames existing within the plurality of stored Irame 
attributes, and an integrator coupled to the comparator, the integrator 
adjusting a step-down size of a threshold t?ased on the determination of 
poor-quality frames. 

30 Yet another aspect of the present invention encompasses a 

method for power controi in a communication system, the method 
comprising the steps of receiving at a first base station, a first signa! 
transmitted by a remote unit and receiving at a second base station a 
second signal transmitted by the remote unit The signals are combined 
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and a power of the remote unit is adjusted based on the combmed 
signals. 

Finally, another aspect of the present invention encompasses an 
5 apparatus for power control in a spread-spectrum communication system, 
the apparatus comprising a first base station, a second base station, a 
centralized base station controller (CBSC) coupled to the first and the 
second base station, which produces a combined signal, a soft-hand-off 
switch coupled to the first base station, the soft-hand-off switch receiving 
1 0 the eombined signal and powering a remote unit based on the received 
combined sigria}. 

FIG, 1 is a bfock diagram of a preferred embodiment of a base 
station receiver 100 for receiving a power-control group transmitted by a 

] S remote unit. Orthogonally encoded spread-spectrum digital signal 130 is 
received at receive antenna 131 and amplified by receiver 132 before 
being despread and demodulated 136 into in-phase 140 and quadrature 
138 components. Components 138. 140 of despread digital sampfes are 
then grouped into predetermined length groups (e.g., 64 sample length 

20 groups) of sampled signals that are independently input to orthogonal 
decoders in the form of fast Hadamard transformers 142, 144, which 
despread the orthogonally encQded signal components producing a 
plurality of despread signal components 146 and 1 60, respectively (e.g. 
when 64 sampfe length groups are input, then 64 despread signals are 

25 generated). In addition, each transformer output signal 146, 160 has an 
associated Walsh index symbol which Identifies eaeh particular 
orthogonal code from within a set of mutually orthogohal codes (e.g. 
when 64 sample length groups are input, then a 6 bit length index data 
symbol can be associated with the transformer output signal to indicate 

30 the particular 64 bit length orthogonal code to which the transformer 
output signal corresponds). The energy values with the same Walsh 
index in each group of resuiting signal 156 from each branch of receiver 
too will then be summed at summer 164 to provide a group of summed 
energy values 166. The energy value with index i in the group of 

35 summed energy values 1 66 corresponds to a measure of confidence that 


wo 97/34434 


PemJS97/00166 


-6- 

the gfoup of sampled signals, which generate this group of summed 
energy Values 166, corresponds to the i-th Waish symbol. The group ot 
summed energy values with associated Indices will then be sent to a soft 
decision metric generator 168 where a single metric for each encoded 
5 data bit is determined, thereby producing a single set of aggregate soft 
decision data 170. The aggregate soft decision data 170 is then 
deinterieaved by deinterleaver 172 prior to final maximum likelihood 
decoding by decoder 1 76, 

10 FIG. 2 is a btoGk diagram of a preferred embodiment of a CDMA 

teansmltter 20G for transmitting a pdwer-adjusiment command to a remote 
iintt. In a preferred embodiment the power-adjustmerit command is a 
power-control bit such that a 't" bit indicates to tre mmote unit to increase 
the mean output power level, and a "1** bit indicates to Uie remote unit to 

1 5 decrease the mean output power leveL Transmitter 200 is preferably a 
transmitter such as that defined by TIA/EIA/IS-95A, Transmitter 200 
includes convolutiona! encoder 212. interleaver 216, orthogonal encoder 
220, modulator 224, upconverter 228, and antenna 229. 

20 During operation, signal 210 (traffic channel data bits) is received 

by convolutiona! encoder 212 at a particular bit rate (e.g., 9,6 
kbit/second), input tratfrc channel data 210 bits typically include voice 
converted to data by a voGoder^ pure data, or a combtnatton of the two 
types of data. Convoiutidnal encoder 212 encodes input data bits 210 

25 into data symbols at a fixed encoding rate with an encoding aigofithm 
which factittates subsequent maximum likellhpGd decoding of the data 
symbols into data bits (e,g, convc^utional or btock coding algorithms). For 
example, GonvolutionaS encoder 212 encodes input data bits 210 
(received at a rate of 9>6 kbit/second) at a fixed encoding rate of one data 

30 bit to two data symbols (i.e., rate 1/2) such that convolutiona! encoder 212 
outputs data symbols 214 at a 19.2 ksymboi/second rate. 

Data symbols 214 are then input into interleaver 216, Interleaver 
216 interleaves the input data symbols 214 at the symbol level. In 
35 interleaver 216, data symbols 214 are individually Input into a matrix 
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which defines a predetermined size block of data symbois 214. Data 
symbols 214 are input into locations within the matrix so that the matrix is 
filled in a coiumn by column manner. Data symbols 214 are individually 
output from locations within the matrix so that the matrix is emptied in a 
5 row by row manner. Typicaiiy, the matrix is a square matrix having a 
number of rows equal to the number of columns; however, other matrix 
forms can be chosen to increase the output interleaving distance 
between the consecutively input non-interleaved data symbols. 
Interleaved data symbols 218 are output by interleaver 216 at the same 

1 0 data symbol rate that they were input (e.g., 1 9.2 ksyrnbol/secondj . The 
predetermined size of the block of data symbols defined by the rhatrix Is 
derived from the maximum number of data symbols which can be 
transmitted at a predetermined symbol rate within a predetermined length 
transmission block. For example, if the predetermined length of the 

15 transmission block is 20 milliseconds, then the predetermined size of the 
block of data symbols is 19.2 ksymbol/second times 20 milliseeonds 
which equals 384 data symbols which defines a 16 by 24 matrix. 

Interleaved data symbols 21 8 are input to orthogonal encoder 220. 

20 Orthogohai encoder 220 modulo 2 adds an orthogonal code (e.g., a 64- 
ary Walsh code) to each interleaved and scrambled data symbol 218. 
for example, in 64-ary orthogonal encoding, interleaved and scrambled 
data symbols 218 are each replaced by a 64 symbol orthogonal code or 
its inverse. These 64 orthogonal codes preferably correspond to Walsh 

25 codes from a 64 by 64 Hadamard matrix wharein a Walsh code is a 
single row or column of the matrix; Oiihogohal ehcoder 220 repetitively 
outputs a Walsh code or its inverse 222 which corresponds to input data 
symbol 218 at a fixed symbol rate (e.g., 1 9.2 ksymbol/second). 

30 The sequence of Walsh codes 222 is prepared for transmission 

over a communication channel by modulator 224. The spreading code is 
a user specific sequence of symbols or unique user code which is output 
at a fixed chip rate (e.g., 1,228 Mchip./second). in addition, the user code 
spread encoded chips are scrambled by a pair of short pseudorandom 

35 codes (i.e. short when compared to the long code) to generate an I- 
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Channel and Q-channe! code spread sequence. The l-channel and Q- 
channe! code spread sequences used to bi-phase modulate a 
quadrature pair of sinusoids by driving the power level controls o( the pair 
of sinusoids. The sinusoids output signals are summed, bandpass 
5 fiitsred, translated to an RF frequency, amptifted. filtered via upconverter 
228 and radiated by an antenna 229 to complete transmission of the 
channel data bits 210. 

FIG- 3 iltusirates apparatus 300 for controlling reverse channel 

10 power In accordanpe with a pmferred embodiment of the present 
{nventidn. Apparatus 300 compfises finite Impulse response {FIR} fitter 
301, comparator 3G3, logic unit 305, switch 316, integrator 309, 
Instantaneous threshold computer 311* aceumutator 307, and 
comparison unit 317. Operation of apparatus 300 occurs as Mows: Full 

15 rate frame quality information (FQI) enters RB fitter 301. FIR filter 301 
uses a 'Urst-in-first-our buffer to store each of the N full-rate frame 
attributes, which, in a preferred embodiment includes frame quality 
information. in this emtx>diment, if frame rate information is 
indeterminable, rate information from the last rate determinable frame is 

20 used to determine if the current frame should be classified as a full rate 
frame or a sub rate frame. The "newest" full-rate frame's quality value 
that enters FIR filter 301 replaces the "oldest" full rate frame's quality 
value, tn the preferred embodiment N«320. RR filter 301 ou^uts a 
numbef of poof-quailty frames existing within its buffer to comparator 303. 

25 Comparator 303 compares the number of poor-quality frames existing 
within FIR filter 301 to a target value. The target value is determined from 
the desired dperationaJ FER, The reiattonship between the number of 
frames existing within FIR fOter 301 and the FER value is: 

3 0 FER - (number of poorrquaiity frames in buffer) / {buffer si2:e), 

Thus the target nuniber of frames for a target FER is simpiyt 

(buffer size) * (target FER) « (target value). 

35 
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Continuing, the difference between the target value and the 
current number of poor-qualHy frames existing witWin FIR filter 301 is 
output from comparator 303, and input into logic unit 306. Logic unit 305 
determines a value {1, 0, or -1 in the preferred embodiment) to set the 
5 step-down size adjustment which is used to modify the step-down size of 
the threshold value. This is done by setting the step-down size 
adjustment to "1" if the target value is greater than the current number of 
PGor-quaiity frames existing within FIR filter 301 and, to if the target 
value is less than the current number of poor-quality frames. If the 
1 0 difference between the target value and the current number of poor- 
quatity frames existing within wm filter 301 is zero, then the step-down 
adlustment size is set to 20ro, The step-down size adjustment is output 
from logic unit 305 and enters switch 315. 

15 Switch 316 typically has a zero value as an input, feut opens to 

receive the step-down size adjustment once for every "n" step-down size 
adjustments sent to it. in a preferred embodiment "n"==75. Switch 315 
then outputs its input value to integrator 309. Simply put. operation of 
switch 315 serves to pass a zero value to integrator 309 74 times for 

20 every 76 step-down size adjustments sent to it, and only passes the step- 
down size adjustment once out of every 75 times a step-down size 
adjustment is sent to it. Integrator 309 adjusts the step-down me and 
outputs the adjusted step^own size to instantaneous threshold computer 
311. 

25 

Continuing, the winning Walsh symbol energy for nl Walsh 
symbol intervals for a power-control group transmitted from the remote 
unit Is input into accumulator 307. (Jn a preferred embodtment nl^6). 
Accumulator 307 calculates the energy of the remote unit and outputs this 

30 value to comparison unit 317. Frame erasure information is input into 
instantaneous threshold computer 311. Instantaneous threshold 
computer 31 1 adjusts the threshold vaiue based on the frame quality 
information utilizing the current step-down and step up values, and 
outputs the threshold value to comparison unit 317. Comparison unit 317 

35 compares the power control group (output from the winning Walsh 
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symbol accumulator 307) to the threshoid value (output from 
instantaneous threstiold computer 305) and determines a power-contro! 
bit value based on the comparison. The power-control bit vaiue is then 
output from comparison unit and transmitted to the remote unit, instructing 
5 xhe remote unit to power up or down accordingly. By dynamically 
adjusting the step-down size the threshold more quickly approaches the 
optimal operation threshold. 

FIG. 4 illusto-ates a flow chart for controiling reverse channel power 

10 in accordance with a preferred embtxjimeht of the present inventton. The 
fogic fiow begins at st^ 401 where FIR filter 301 receives a full-rate 
frame. Next, at step 403, FIR filter 301 replaces tf»e oldest frame's quality 
informaiioh existing within its buffer vwth the received frame's quafity 
Information, and (at step 405) determines the number of poor-quaiity 

1 5 frames existing within its isuffer. At step 407, corhpEu'ator 303 compares 
the number of poor-quality frames existing within RR filter 301 to a target 
value. If at step 407 comparator 303 determines that the number of poor- 
quality frames is greater than the target value, then (at step 409) the step- 
down adjustment set to -1 unit and the logic flow continues to step 419. If 

20 at step 407 comparator 303 determines that the number of poor-quaiity 
frames is not greater than the target value then the logic flow continues to 
step 41 1 where comparator 303 determines If the number of poor-quality 
frames existing within FIR fitter 301 is less than the target value, and if so 
the step-down adjustment set to +1 unit (at step 413) and the logic flow 

2 5 continues to step 419, If at step 41 1 it is determined that ■ttne number of 
poor-quality frames within FIR filter 301 is not less than the target value, 
then the Ic^ic flow contir^yes to step 415 where the ste|>dpwn adjustment 
is set to zero. 

30 At step 419, switch 315 checks to see if it has opened (passed a 

step-dov>/n size adjustment) within tne last 75 step-down adjustments 
sent to it. If switch 3" 6 has opened within the last 75 step-down 
adjustments sent to it, then at step 421 , the step-down size is adjusted by 
zero and the logic flow continues to step 431, otherwise the step-down 

35 size is adjusted by the step-down adjustment (step 423) and the logic 
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flow continues to step 431. At step 431, instantaneous threshold 
computer 31 1 obtains frame quality data and determines (step 433) if a 
frame is bad. If, at step 433, instantaneous threshold computer 311 
receives a bad full-rate frame, then the current threshold is adjusted by a 
5 step up size and the logic flow continues to step 439, otherwise the 
threshold is adjusted down by the step-down size and the logic flow 
continues to step 439. At step 439, instantaneous threshold computer 
311 passes the current threshold to comparison unit 203, arid the logic 
flow ends at step 441. 

10 

Fita. 5 illustrates; a tfrne-dornain diagmm of instantaneous 
threshold values in accordance with a preferred embodiment of the 
invention. In FIG. 5 Eo represents the threshold at which frame erasures 
are highly iikeiy to occur. The optimal operation threshold Is slightly 

1 5 greater than Eo, since a threshold energy at will likely result in frame 
erasures. At time to the threshold energy has dropped to Eo and a frame 
erasure was detected by the base station. The base station immediatefy 
increases the energy of the threshold and begins a slow decay that is 
dynamically adjusted as discussed above. At time t. the threshold energy 

20 again resumes to Eo and another frame erasure occurs, increasing the 
threshold level During the decay of the threshold level (prior to reaching 
Eo) another frame erasure (at time tg) is detected by the base station and 
the threshold level is again increased. As is evident in FIG. 5, the decay 
time to reach the desired energy is reduced substantially over the prior- 

2 5 art method (dotted firtes}. 

In many cases it is desirable to have differing target values within 
FIR filter 301 depending upon whether acquisition by FIR filter 301 takes 
place at a full rate or a subrate. FIG. 6 illustrates an apparatus 6QQ for 
30 controlling reverse channel power in accordance with an alternate 
embodiment of the present invention. This embodiment utilizes a second 
input into instantaneous threshold computer 611 for a subrate leg. 
Apparatus 600 comprises first FIR filter 301 , second FIR filter 607, first 
comparator 303, second comparator 609. first logic unit 305, second logic 

3 5 unit 61 3, first switch 315, second switch 61 5, first integrator 309, second 
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Integrator 617, instantaneous threshold computer 611, ac<?umu1ator 307» 
and comparison unit 317. Operation of apparafeis 600 occurs as follows: 
Full rate frame quality information enters RR fiiter 301 and subrate frame 
quality information enters F!R filter 607. FIR filters 301 or 607 use a "first- 
5 in-first-out" buffer to store the quality information of H frames, which, in a 
preferred embodiment includes frame quality information.. Frame quality 
information that enters FiR filters 301 or 607 replaces the "oidest" frame's 
quality information in FiR filter 301 or 607. In the preferred embodiment 
N«320, The FtR filters 301 or 607 output a number of poor-quality frames 

10 existing within their buffer's to first eprnparator 303 and second 
comparator 609 respectlveiy. Comparators 303 and 60S compare the 
number of poor-quaHty ffames existing within FiR filters 301 or 607 to a 
target value. In the alternate embodiment the target value for full^ate FIR 
fiiter 301 differs from that of subrate FIR filter 607 since it may be 

15 desirable to increase the frame erasure rati (FEB) target value for 
subrate FIR filter 607. 

Continuing, the difference between the target values and the 
current number of poor-quality frames existing within FiR filters 301 or 

20 607 is output from comparators 303 and 609 and input into logic unit 305 
and logic unit 613 respectively. Logic units 305 and 613 determine a 
value (1, 0, or -1 in the preferred embodiment) to set the step-down size 
adlustment which is used to modify the step-down size of the threshold 
value. This is done by setting the step-down size adjustment to or-1 if 

25 the difference between the target value and the current number of poor- 
quaiity frames existing within FIR fflters 301 or 607 Is less than, of greater 
than (respectiveiy) tile target value existing within respective FIR filters 
301 or 607. if the difference between the teirget value and the current 
number of poor-quality frames existing within RR filters 301 or 607 is 

30 zero, then the step-down adjustment size is set to zero. The step-down 
ad|ustments are output from iogic unit s 305 aid 613 and enters first 
switch 316 and seseohd switch 615 respectively. 

Switches 315 and 615 typically have a zero value as an input, but 
35 open to receive a step-down size adjustment once for every "n" step- 
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down adjustments sent to them. In a preferred embodiment "n"=75. 
Switches 315 and 615 then output their input values to integrator 309 
and integrator 617 respectively, integrators 309 and 617 adjust the step- 
down size by the vaiue (0, + 1, or -1) and output the adjusted siep-down 
5 size to instantaneous threshold computer 31 1 . 

Continuing, a Walsh symbol energy transmitted from the remote 
unit is input Into accumulator 307. Accumuiator 307 calculates the 
energy of the remote unit and outputs this value to comparison unit 317, 

10 Frame erasure and rate Information are input into instantaneous 
threshold computer 611. Instantaneous threshold computer 611 
determiries if the system is currently receiving full or subrate frames and 
chooses the corresponding full rate or sub-rate step-down size. 
Instantaneous threshold computer then adlusts the threshold value 

15 based on the frame erasure information utilizing the current step-down 
and step up values, and outputs trie threshold value to comparison unit 
317. Comparison unit 317 compares the energy of the remote unit 
(output from accumulator 307) to the threshold value {output from 
instantaneous threshold computer 305) and determines a power-control 

20 bit value based on the comparison. The power-control bit vaiue is then 
output from comparisori unit and transmitted to the remote unit, instructing 
the remote unit to power up or down accordingly. By dynamicaliy 
adjusting the step-down si?e the threshold more quickly approaches the 
optimal operation threshold. Additionally, the prior-art method of power 

25 control has a decay time that is proionged by the fact that the threshold 
cannot be reduced during subrate frarries since this may result in one or 
more consecutive bad full rate frames upon resumption of their {the full 
rate frames) transmission by the mobile. That is. if allowed, me threshold 
could be reduced to such a level during subrate frame transmission that 

30 when fuil rate transmission was resumed one or more full rate frames 
could be received with insufficient quality (bad fuil rate frames) because 
the mobile transmit power was correspondingly aliowed to drop to too 
iow a ievel An additional advantage over both the prior art and the 
previous adaptive step-down size approach based only on full rate frame 

35 information is that the threshold can be allowed to decay even during 
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subrats frames because of the setting of the sufarate poor-quality fate via 
controHing the threshold levels that correspond to the desired full fate 
poor-quanty rate. Again, this iS: possible because subrate frame quality 
information is used to control the threshold level during subrate frame 

5 transmission. 

FIG. 7 Illustrates a communication system 700 in accordance with 
a preferred embodiment of the present invention. The communication 
system 700 includes base stations 701 and 705 having respective 

10 serwce coverage areas 707 and 711 respeb^vely, centralized base 
station controller (CBSC) 709, and commuhicatlQh unit 713. Apparatus 
600 {see FIG. 6) for GOhtfblling reverse channel power Is incorpofated in 
base stations 701, 705 and CBSG 709. As shown, communication unit 
713 is communicating with serving base station 701 via uplink 

15 Gbmmunicatfon sigriat 719 and servirtg base station 701 is 
communicating with communication unit 713 via downlink 
communication signal 716. Similarly, communication unit 713 is 
eommunicattng with base station 705 via uplink communication signal 
726 and base station 705 is communicating with communication unit 713 

20 via downlink communication signal 723. CBSC 709 is suitabfy coupled 
to both serving base station 701 and base station 705, 

During soft hand-off {SHO) {communicatidh unit 713 
communicating to both base station 701 and base station 705) the CBSC 

25 709 receives remot© unit's communicatioh via both uplink comrnuniGation 
signal 719 and uplink communication signal 725. The CBSC 709 then 
performs a selection function to cho^s the best quality frame based oh 
quafity and rate infomiation also included in the uplink transmission. It 
can be shown ^at because of the post-selection diversity benefit, the 

30 FER of Gommunication unit 713 at the CBSC 709 (FERcssc) is 
approximately upper bounded by the product of communication unit's 
713 PER at serving base station 701 (PER,) with commuhication unit's 
713 FER at base station 705 (FERj), in other words: 


35 


FEReBScSFERi-'FHRg, 
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Oumg SHO with two base stations, witti no transmission gain 
imbalance between the communication iegs, tiie FER at tne CBSC 709 
may be iess than 0.01% whiie the FER at the best serving base station 
5 participating in the SHO (as many as 6 base stations may participate in 
IS-96A DS-CDMA) may be at 1.0%. The post-selection diversity benefit 
is mitigated as the transmissions gam imbaiance increases. In IS-95A 
DS-CDMA the mobile repeives independent power control commands 
from each SHO ijnk in the form of a power control bit which punctures 

10 8)dsting symbols every 1,25 ms on the foward ijnk of each 8TS, The 
mobile uses a voting technique to choose whether to power up or down 
by 1 dB based on these PCBs. if both PCBs Indicate a power increase 
then the mobile will Increase its transmit power by 1 dB else it will 
decrease it transmit power by l dB. ft can be shown because of an 

1 5 interaetioh between voting and the target thresholds at each BTS that the 
individual legs frame quality level (e.g. FER is used in the preferred 
embodiment) will degrade to be greater than the desired target quality 
value (e.g. 1,0% FER) while the quality level after the selector will still be 
generaliy better than the desired target quality level. Therefore, there is 

20 some post-setection diversity benefit left can be taken advantage of in 
order to reduce mobile transmit power even more which will decrease 
interferenpe and hence increase tie capacity of the communications 
system as a whole while still maintaining a desired target quality level for 
the mobile in soft hand-off. 

25 

FIG. 8 illustrates an apparatus 800 for controlMng reverse channel 
power during soft-hand-off in accordance with a preferred embodiment of 
the present invention. Apparatus 800 comprises SHO switch 801 and 
FIR filter 803. FiR filter 803 can be any of the previously discussed FIR 

30 filters (RR filters 301 or 607 for example). Operation of apparatus 800 
occurs as follows: SHO switch 801 has as an input, fuH and sub-rate 
frame quality information received by CBSC 709. The full and sub-rate 
frame quality information for the best quality frame is determined by the 
selection function at the CBSC 709. in the case that the rate of a frame is 

35 not determinable the rate of the last rate determinable frame wii! be used 
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Instead. This applies at the CBSC 709 as wel! as at the serving base 
stations. Additionaliy, SHO switch 801 has as an input, fuf! and sub-rate 
frame quality information received by the serving base station 701, 
information regarding whether the remote unit 713 is in a SHO state is 
5 also input into SHO switch 801. During normai operation {when the 
mobile is not in SHO), SHO switch 801 receives full/sub-rate frame 
quality information from the serving base station 701 . Once the remote 
unit 713 enters a SHO state, SHO switch 801 receives post-selection 
fuil/sub-rate frame quality information from CBSC 709. The utilization o! 

1 0 the CBSC's 709 frame quality information in the FiR fitters in place of the 
serving base station's 701 frame quality information will generaiiy result 
in larger step down sizes until the desired F£R target Is achieved, That is, 
the step down size will be increased until the frame qualify level at the 
CBSC 709 degriades to the desired tai^et quality level. In other words. 

i 5 femote unit 71 3 is capable of feducing transmit power and still acfiieve a 
1% PER at the CBSC 709. Note that since the base stations all use the 
same algorithm and reset to a pre-determined step down size when 
entering a increased soft hand-off state they always have the same step 
down si2e. 

20 

An alternate embodiment is to compute the post-selection quality 
at each individual serving base station 701 during soft hand-off from the 
post-seleGtor frame quality and rate information passed down by the 
esse 709 by using the RR filter method described above. If the derived 

25 CBSC frame quality is tjetter than the desired quality target then the 
quality target for each base station apparatus is relaxed by a fixed 
amount {In this embodiment the quality target is the F£ target and it is 
increased by 1) every n frames (In this embodirnent n = 75), ). Similarly* 
as the CSSG frame quality falls below the desired quality target the FE 

30 target would tm decreased by 1 every n frismes. Since the serving base 
stations all use the same algorithm they cduld reset to a pre-determined 
quality target and step down size when adding a soft hand-off link such 
that each serving base station would always have the same FE target 
and step down size. When the remote unit 713 leaves soft hand-off (only 
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one base statjonj the refnaining base station quality target is reset to the 
desired quality targetv 

Another embodiment takes advantage of the post-selection 
5 diversity benefit by reducing the maximum allowed down!ini< threshoid 
level instead of varying the step down size until the post-selector quality 
level is achieved at the CBSC 709. If the derived CBSC frame quality Is 
better than thef desired quality target then the maximum allowed downlink 
threshold level for each base station apparatus is relaxed by a fixed 

10 amount (In this embddtmerit the preferred amount is 0.25 dB) every n 
frames {in this embodiment n Is 75 also). Similarly, as the GBSC frame 
quality falls below the desired quality target the maxifnum allowed 
dovi^nllnft threshold level would be increased {similarly by 0,25 dB). 
Since the serving base stations all use the same algorithm the maximum 

1 5 downlink threshold could be set to a pre-determined level when adding a 
soft hand-off link such that each serving base station would always have 
the same maximum downlink threshold level. When the remote unit 713 
leaves soft hand-off {only one base station) the remaining base station 
maximum downlink threshold level is reset to the desired quality target. 

20 

The invention, in its broader aspects, is not limited to the specific 
details, repffesentative apparatus, and illustrative examples shown and 
described above. Various modifications and variations can be made to 
the above specification without departing from the scope or spirit of the 

25 present inventidn. For example although the above description 
describes power control within a gpread-spectrum system this method of 
power control can be employed within any communication system 
(Personal Communication Systems for example). It is Intended that the 
present invention cover ail such modifications and variations provided 

30 they come within the scope of the foflowing ciaims and their equivalents. 
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Claims 

1. A method for power contn^ in a communicafcn system, tjie method 
cornprising the step of : 

5 

adjusting a step-down size of a thresiiQid. 


2, The method of ciaim t wherein the communication system comprises 
10 a code-divisiof^, multiple-aGcess (CDMA) Gommunication system. 


3. The method of claim 1 further comprising the steps of: 

1 5 determining a number of poor-quality frames received from a 

remote unit to produce a determination of poor-quaiity frames; and 

adjusttng the step-down size of the threshold leased on the 
determination of popr-quafity frames. 


4. The method of claim 3 further comprising the steps of; 

decreasing the iJireshold by an amount substantiatiy equal to the 
25 step«down size to produce a decreased threshold; and 

comparing a remote unit's VVateh symbot energy to the decFeased 
threshold. 
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5. The method of elaim 3 Wherein the step of determining the numtser of 
poor-quaiity frames comprises the steps of: 

5 receiving a plurality of frames; 

storing the pSuraiity of frames to create a stored plurality of frame 
attributes; and 

1 0 determining an anriount of poor-quality frames within the stored 

plurality of frame attributes. 


6. An apparatus for power control in a communication system, the 
1 5 apparatus GomjSrising: 

an tntegfator for adjusting a step-<jown size of a threshold. 


20 7, The apparatus of claim 13 wherein the communication system 
comprises a code-division, multiple-access {CDMA) communication 
system. 

8, The apparatus of claim 13 further comprising: 

25 

a comparator coupled to the integratoF, said comparator 
determining a number of poGr-quality frames received from a remote unit. 


-20- 


9. The apparatus Of claim 15 further comprising; 

an instantaneous threshold computer coupied to the integrator, 
5 said instantaneous threshoJd computer decreasing the threshold by an 
amount substantlaily equal to the step-down size to produce a decreased 

threshold; and 

a comparison unit coupled to the instantaneous threshoid 
1 0 computer, said comparison unit comparing a remote unit's Walsh symbol 
energy to the decreased threshold. 


10. The apparatus of claim 16 wherein the comparison uaitosmprises: 

15 

a receiver for receiving a plurality of frames; 

a filter coupled to the receiver, the filter storing the pturalfty of 
frames; and 

20 

a logic unit coupled to the filter, said logic unit determining an 
amount of poor-quality frames existing within the filter. 
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